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While some of these methods have attractive features, their general utility is often limited by reagent instability, toxicity, high volatility, use of excess hydroxylamine, high cost and/ or difficult purification protocols. There is, consequently, a continuing need for more efficacious procedures for the synthesis of hydroxamic acids from carboxylic acid derivatives. Herein, we report a novel, efficient, convenient and ecofriendly method for the preparation of hydroxamic acids and their derivatives using 2-acyl-4,5-dichloropyridazin-3(2H)-ones and O-alkylhydroxylamine hydrochlorides in water.
Pyridazin-3(2H)-ones are capable of functioning as good leaving groups or activators in synthetic chemistry. [8] [9] [10] In our previous reports, 8, 9 we demonstrated that 2-acyl-4,5-dichloropyridazin-3(2H)-ones are excellent acylating agents for amines. Water also is a good solvent for the reaction of 4,5-dichloropyridazin-3(2H)-one. 11 To evaluate the potentiality of 2-acylpyridazin-3(2H)-ones for the conversion of Oalkylhydroxylamines to hydroxamic acids, we first investigated the reaction of O-benzylhydroxylamine hydrochloride (1a) with 2a 8 under various conditions (Table 1) . Treatment of 1a with 2a in the presence of Et 3 N in tetrahydrofuran, acetonitrile, or water afforded 3a in 75-96%
yield. There was no reaction using methylene chloride or diethyl ether as the solvent.
Replacement of Et 3 N with sodium hydride, potassium carbonate, sodium methoxide or pyridine in acetonitrile afforded 3a in 90-94% yield. Notably, reaction of 1a with 2a without base in water, but not acetonitrile, smoothly generated hydroxamide 3a in quantitative yield. The unexpected efficiency of this transformation may be due in part to the ability of the hydroxylamine hydrochloride to improve the solubility of 2a in water.
Since water as the reaction medium offers many important advantages from the point of view of green chemistry and economics, 12 we determined the scope of the conversion of 1 into 3 in refluxing water. Reactions of O-alkylhydroxylamine hydrochlorides 1 with 2-acyl (or aroyl)pyridazin-3(2H)-ones 2 in refluxing water gave the corresponding Oalkylhydroxamides 3 in excellent yields (Table 2) . N-Tosylprotected amino acid derivative 2l reacted cleanly to give only hydroxamic acid 3l in good yield (Entry 11, Table 2 ) without affecting the amino functionality. Furthermore, no racemization of the α-chiral center was observed by X-ray analysis. Reaction of silylated-hydroxylamine 1d with 2a in water afforded the hydroxamic acid 3o directly in excellent yield (Entry 14, Table 2 ). However, reaction of hydroxylamine hydrochloride with 2a in water gave a mixture of unknown compounds. In all the cases, any unreacted 4,5-dichloropyridazin-3(2H)-one could be recovered quantitatively.
In conclusion, we have developed an efficient, mild, inexpensive and eco-friendly procedure for the N-acylation of hydroxylamines using 2-acyl(or aroyl)pyridazin-3(2H)- ones 2 to give hydroxamic acids 3. A wide variety of hydroxylamines can be used in the amidation process and proceeds without racemization.
Experimental Section
General Remarks. Reagent and solvents were used as received from commercial sources. TLC was performed on plates coated with silica gel (silica gel 60 F 254 , Merck). The spots were located by UV light. Open-bed chromatography was carried out on silica gel (70-230 mesh, Merck) using gravity flow. The column was packed as slurries with the elution solvent. Melting points were determined with a capillary apparatus and uncorrected. C NMR spectra were recorded on a 300 MHz spectrometer with chemical shift values reported in units (ppm) relative to an internal standard (TMS). IR spectra were obtained on a IR spectrophotometer. Elemental analyses were performed with a Perkin Elmer 240C. X-Ray diffraction data were obtained with a Rigaku AFC7R diffractometer with filtered Mo-Kα radiation and a rotating anode generator.
General Procedure. A mixture of O-alkylhydroxylamine hydrochloride 1 (1.26 mmol), and 2-acyl-4,5-dichloropyridazin-3(2H)-ones 2 13 (1.38 mmol) in water (15 mL) was refluxed with stirring until 2 disappeared. After cooling to room temperature, the reaction mixture was extracted with methylene chloride (4 × 50 mL). The organic extracts were dried over anhydrous MgSO 4 , the solvent was evaporated under reduced pressure, and the residue was purified via silica gel column chromatography using CH 2 Cl 2 /diethyl ether (10 : 1, v/v) to afford the corresponding O-alkylhydroxamic acids 3 in good to excellent yields. All products were fully characterized on the basis of spectral (IR, . Based on the systematic absences of: 0k0: k ± 2n packing considerations, a statistical analysis of intensity distribution, and the successful solution and refinement of the structure, the space group was determined to be: P2 1 (#4).
The data were collected at a temperature of -180 ± 1 o C to a maximum 2θ value of 59. . An empirical absorption correction was applied which resulted in transmission factors ranging from 0.856 to 0.993. The data were corrected for Lorentz and polarization effects.
Structure Solution and Refinement; The structure was solved by direct methods 14 and expanded using Fourier techniques 15 . The non-hydrogen atoms were refined aniso-Notes tropically. Hydrogen atoms were refined using the riding model. The final cycle of full-matrix least-squares refinement 16 Neutral atom scattering factors were taken from Cromer and Waber. 19 Anomalous dispersion effects were included in Fcalc; 20 the values for Df' and Df" were those of Creagh and McAuley. 21 The values for the mass attenuation coefficients are those of Creagh and Hubbell. 22 All calculations were performed using the CrystalStructure 23,24 crystallographic software package.
